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Glomerular charge selectivity for anionic and neutral horseradish
peroxidase. Studies in isolated perfused rat kidney have demonstrated that
it exhibits apparently normal charge selectivity and tubular uptake of
anionic horseradish peroxidase (aHRP; p1 <4.0) and neutral horseradish
peroxidase (nHRP; p1 = 7.5) when these proteins are measured for their
enzyme activity. The absolute fractional clearance values for aHRP and
nHRP were 0.006 0.002 and 0.041 0.007, respectively. It is evident,
however, that the enzyme assay for horseradish peroxidase severely
underestimates the quantity of protein in urine as compared to measure-
ment of its tritium labeled form through radioactivity. Fractional clear-
ances estimated by radioactivity and corrected for tubular reabsorption for
3HIaHRP and [3H]nHRP were 0.040 0.029 and 0.099 0.043,
respectively, compared to those estimated by enzyme activity which were
0.012 0.004 and 0.070 0.037, respectively. While charge selectivity
between the anionic and neutral forms of HRP was still evident, albeit
significantly reduced, the major feature of this type of analysis is that the
clearance of the aHRP protein is significantly increased compared to that
determined by enzyme assay. This difference correlates with the observa-
tion that the aHRP protein is markedly degraded (61 to 65%), as
determined by gel chromatography, during filtration. Similar degradation
was seen in urine fractions collected after the aHRP protein was admin-
istered in vivo. Degradation also occurred for the nHRP protein in both
the perfused kidney and in vivo but to a far lesser extent (approximately 14
to 21%). These studies demonstrate that the anionic form of HRP was
preferentially degraded during filtration and that charge selectivity for
differently charged proteins is not as marked as originally thought.
A basic tenet in understanding the properties of the glomerular
capillary wall (GCW) is that its constituent fixed anionic charges
exert an electrostatic influence on the transglomerular transport
of charged molecules. The relatively low fractional clearance of
albumin has been discussed in this way in terms of the negative
charge of the molecule, whose valence (Z) may vary from —12 to
—18 depending on the species [1], undergoing a repulsive elec-
trostatic interaction with the charges of the GCW leading to
decreased transglomerular transport.
Efforts at demonstrating this charge effect by chemically mod-
ifying the net charge on the protein have not given consistent
results. The most detailed studies on the influence of protein
charge on fractional clearance are by Rennke, Patel and Venkat-
achalam [2] where it was established that there was a significant
decrease (by a factor of 1/8.7) in the clearance of negatively
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charged horseradish peroxidase (aHRP) (Z = —11; p1 <4.0) as
compared to neutral HRP (nHRP; p1 7.3 to 7.5). The cationic
material had the highest clearance, but because cationic material
will bind to the anionic GCW it is difficult to interpret, unambig-
uously, the meaning of clearance measurements with such mate-
rials [3]. Later studies [4—7] have confirmed the charge effect on
aHRP as compared to nHRP although a range of clearances have
been obtained when studied in rat; the range of values for the
fractional clearance of aHRP is 0.006 to 0.008 whereas the range
for nHRP is 0.05 to 0.093. Studies with other protein systems have
generally revealed a lesser influence of GCW charge. Salivary
amylase (p1 5.9 to 6.4) has a reduced clearance compared to
pancreatic amylase (p1 7.0) by a factor of 1/3.27 [8]. Purtell et al
[91 found no difference between rat or human native albumin (p1
4.9) with neutral albumin (p1 5.5 to 6.6). Studies comparing the
clearances of neutral IgG (p1 5.8 to 7.3) and anionic IgG4 (p1 5.5
to 6.0) have yielded particularly inconsistent results; the IgG/IgG4
fractional clearance ratio in humans has been found to be 1.35
[10], 2.43 [11] and approximately 10.0 [12].
Recent studies using polysaccharides have demonstrated that
glomerular charge selectivity may not be as marked as was
originally thought. The transglomerular transport of dextran
sulfate, a commonly used marker for charge selectivity, is known
to be affected by glomerular cell-mediated processes which will
tend to retard its transport as compared to uncharged dextran [13,
14]. In another approach, it has been argued that the abnormally
low clearance of globular albumin compared to the flexible
random coil dextran of equivalent hydrodynamic size can be
understood, in part, by their conformational differences rather
than the charge on the albumin. Globular Ficoll (a cross-linked
copolymer of sucrose and epichiorohydrin) exhibits much lower
fractional clearances than dextran of the same equivalent size [15,
16].
In view of the growing realization that glomerular charge
selectivity may not be a major factor in governing glomerular
permeability, the aim of this study was to revisit the glomerular
processing of nHRP and aHRP since this is where the most
reproducible results have been obtained and where there is a
considerable difference in the clearance between the neutral and
anionic species. We examine fractional clearances of nHRP and
aHRP in isolated perfused kidneys (IPK) as well as determining
their uptake by the whole kidney and glomerulus using an enzyme
assay together with radioactivity analysis of the tritium labeled
forms of HRP. The structural integrity of the filtered molecules in
1630
Osicka and Camper: Charge selectivity for HRP 1631
both IPK and in vivo was assessed by analyzing for radioactivity of
the HRP derivatives by gel chromatography.
Methods
Materials
Male Sprague-Dawley rats (300 to 350 g) were obtained from
the Monash University Central Animal House. Male Wistar Furth
rats (250 to 300 g) were obtained from the Australian Resource
Centre, Perth. Laboratory test sieves (aperture sizes of 106, 125
and 180 m) used for isolation of glomeruli were purchased from
Endecotts Ltd. (London, UK). Type VI peroxidase (EC 1.11.1.7;
288 U/mg solid from Horseradish), 3,3'-diaminobenzidine tetra-
chloride, dextran T2000, Coomassie Blue R-250 and the amino
acids lysine, tyrosine, serine, cysteine, aspartate, glutamate, aspar-
agine and glutamine were from Sigma Chemical Co. (St. Louis,
MO, USA). Bovine serum albumin (Fraction V) and superoxide
dismutase (EC 1.15.1.1) (5,000 U/mg solid from Bovine ciythro-
cytes) were purchased from Boehringer Mannheim GmbH Bio-
chemica (Mannheim, Germany). Sephadex G-100 and Sephadex
G-25 in PD-b columns were purchased from Pharmacia Fine
Chemicals (Uppsala, Sweden). Nembutal (60 mg/ml) was from
Cera Chemicals Australia Pty. Ltd. (Hornsby, N.S.W., Australia).
Synthamin (a source of amino acids) was from Travenol Labora-
tories (N.S.W., Australia). Sodium heparin was from Common-
wealth Serum Laboratories (Melbourne, Australia). Mannitol was
from CSR Chemicals Ltd (Rhodes, N.S.W., Australia). Ammo-
nium persulfate, hydrogen peroxide (30% wt/vol), gelatin and
succinic anhydride was from BDH Chemicals Ltd. (Poole, UK).
Ampholytes (pH range 3.9 to 9.1), aciylamide, bis-acrylamide,
isoelectric focusing standards (p1 4.45 to 9.6) and N,N,N',N'-
tetramethylethylenediamine (TEMED) were obtained from Bio-
Rad Laboratories (Hercules, CA, USA). Glycerol was from Ajax
Chemicals (Auburn, N.S.W., Australia). Papain was a gift from
Dr. H.C. Robinson (Biochemistry Department, Monash Univer-
sity). Tritiated water (25 mCi) was obtained from Du Pont,
(Wilmington, DE, USA) and sodium boro-[3H]hydride (132 mCi/
mg) was from Amersham International (Buckinghamshire, UK).
Solutions and buffers
Phosphate buffered saline (PBS), pH 7.4 contained 136.9 mivi
NaCl, 2.68 mryi KCI, 8.1 mi Na2HPO4 and 1.5 mrvi KH2PO4.
Krebs-Henseleit buffer, pH 7.4, contained 122 mivi NaCl, 4.6 mM
KC1, 0.115 mivi KH2PO4, 0.115 ms'i MgSO4, 24.9 ms'i NaHCO3 and
0.1 mM CaCl2 H20. The 0.2 M citric acid/Na2HPO4 buffer, pH 4.3
contained 55.90 ml of 0.1 M citric acid and 44.10 ml of 0.2 M
Na2HPO4. Sodium phosphate buffer, 0.1 M, pH 7.0, contained 30.5
ml of 0.1 M Na2HPO4 and 19.5 ml of 0.1 M NaI-12P04. Kidney
perfusate solution was 5% bovine serum albumin in Krebs-
Henseleit buffer that contained 5 m glucose and 36 mg mannitol,
10,600 U superoxide dismutase and 4 mg creatinine (all per 200
ml perfusate) and amino acids (mM) tyrosine (0.2), serine (1.0),
cysteine (0.5), aspartate (0.2), glutamate (0.5), asparagine (0.2),
glutamine (2.0), leucine (0.4), phenylalanine (0.32), methionine
(0.33), lysinc (1.0), isoleucine (0.3), valine (0.33), histidine (0.24),
threonine (0,24), tryptophan (0.07), alanine (2.0), glycine (2.3),
arginine (0.5) and proline (0.31).
Tritium labeling
Neutral horseradish peroxidase was tritiated by the technique
of Tack et al [17]. This involved a reductive methylation associ-
ated with a brief exposure to formaldehyde and sodium boro-
[3Hlhydride. The labeled preparation was separated from free
label on a Sephadex G-25 PD-b column and dialysed extensively
against PBS at 4°C. The specific activity of [3H]nHRP was 7.59 X
i07 dpm/mg.
Preparation of [3H]aHRP
This was prepared by succinylation of the [3H]nHRP [18]. Fifty
milligrams of succinic anhydride was added in small increments to
a 25 ml solution containing 50 mg [3H]nHRP in distilled water
with stirring over a period of one hour. The solution was kept on
ice throughout the procedure and the pH was maintained between
8 and 8.5 with 0.2 M NaOH. The solution was dialyzed against
repeated changes of distilled water at 4°C and then filtered (0.45
m pore size, Millimore Corporation, Bedford, MA, USA) and
stored at 4°C in sterile vials. The specific activity of {3HIaHRP was
7.54 X io dpm/mg.
Isoelectric point of tracer molecules
The isoelectric point of both nHRP and aHRP was determined
by isoelectric focusing [19, 20]. A vertical, water-cooled Hoefer
mini gel system with a 8 X 10 cm2 slab was utilized, Slabs were cast
1 mm thick containing 3.95 ml milliQ water, 1.1 ml acrylamide
mixture (30% wt/vol acrylamide, 2.7% wt/vol bis-acrylamide), 0.6
ml glycerol and 0.33 ml ampholytes. Fifteen microliters of
TEMED and 30 j.Ll of 10% wt/vol ammonium persulfate was
added and gels were cast with a 10-well comb in place and allowed
to polymerize overnight at 4°C. After polymerization was com-
plete the samples and standard were applied. The cathode
solution was 20 mivi NaOH and the anode solution 20 m acetic
acid. Electrophoresis was performed for 1.5 hours at 200 V
constant voltage and then increased to 400 V for an additional
three hours. The gel was then fixed in 20% trichloroacetic acid
solution for 10 minutes, followed by 40% ethanol, 10% acetic
acid, 0.25% SDS for 10 minutes and then 40% ethanol and 10%
acetic acid for 2 X 10 minutes. This insured complete removal of
ampholytes before staining. Gels were then stained in 40%
ethanol, 10% acetic acid and 0.125% Coomassie Blue R-250 for
60 minutes and then destained in 40% ethanol and 10% acetic
acid.
Kidney perfusion
The perfusion technique has previously been described in detail
[13, 21, 221. Briefly, male Sprague-Dawley rats were anaesthetized
by a 1 ml intraperitoneal injection of Nembutal (18 mg/ml). One
milliliter containing 10% mannitol and 200 U sodium heparin was
injected into the femoral vein. A laparotomy was performed and
the right ureter was cannulated with polyethylene tubing (PE-lO,
Dural Plastics and Engineering, Auburn, N.S.W., Australia). The
right renal artery was cannulated via the superior mesenteric
artery and the kidney removed by en bloc dissection. The kidney
was perfused with 5% bovine serum albumin in Krebs-Henseleit
buffer (see Solutions and buffers) that contained amino acids and
oxygen radical scavengers to prevent partial ischemia [22]. The
perfusate was continually gassed with 95% 02-5% CO2. The
kidney was allowed to equilibrate for 10 minutes and urine and
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perfusate samples were collected after 40 and 60 minutes of
perfusion. The perfusate contained 10 pg/mI of either [3HJnHRP
or [3H]aHRP that was separated from free tritium on a PD-b
column immediately before being added to the perfusate.
Measurements of glomerular filtration rate (GFR) were per-
formed by a creatinine assay [23]. Fractional clearance of
[3H]nHRP and [3H}aHRP was estimated by both radioactive
counting and an enzyme assay. There was no endogenous activity
of HRP in either the whole kidney homogenate, the perfusate or
urine samples obtained in control perfusions performed without
HRP. Urine and perfusate samples collected after 60 minutes
were analyzed on a Sephadex G-100 column (8 X 60 cm2) eluted
with PBS at 20 ml/hr at 4°C. The void volume (V0) was deter-
mined with blue dextran T2000 and the total volume (Vt) with
tritiated water.
Tissue distribution of HRP
Analysis of whole kidney [3HJHRP was made on vascular-
flushed perfused kidneys. At the end of the perfusion the kidneys
were flushed at 3 mI/mm under a gravity feed at —20 mm Hg for
five minutes with perfusate containing unlabeled tracer. Urine
flow was negligible under these conditions. For radioactivity
analysis the kidney was cut into small pieces and placed in a
graduated centrifuge tube and made up to 3 ml with 1.4 M NaOH.
This mixture was the placed in a boiling water bath for 15 minutes
to digest the kidney. The whole kidney homogenate was then
analyzed for radioactivity. For the estimation of enzyme activity,
the vascular-flushed whole kidney was prepared as above, ho-
mogenised with an Ultra-Turrax T25 (Janke & Kunkel, IKA-
Labor technik, Germany) at 24,000 rpm for 3 >< 30 seconds in a
centrifuge tube in ice. The homogenate was then centrifuged for
10 minutes at 3,500 rpm in a Kubota KS-5200C bench centrifuge.
The supernatant was measured for enzyme activity.
Analysis of glomerular HRP was made on glomeruli isolated
from perfused kidneys. Glomeruli were isolated by the sieve
method described by Spiro [24] and suspended in 5 ml 0.85%
NaC1 on ice. After adequate mixing, a 20 d sample of the
suspension was taken up into a calibrated micro-capillary tube and
was counted under a light microscope. One milliliter aliquots of
glomeruli were then removed and papain digested. This involved
incubation with 150 jdpapain buffer (1.0 M sodium acetate, pH 5.5
with 0.05 M EDTA) containing 10 mg/mI cysteine hydrochloride
(added immediately before use) and 10 jsl of papain suspension
(8.2 mg/mI) at 60°C overnight. Samples were then analyzed for
radioactivity.
Tubular reabsorption
The major difficulty in calculating reabsorption is the assump-
tions concerning the behavior of HRP taken up by the tubules. It
is clear that HRP which undergoes transglomerular transport and
appears in the urine is measured under steady state conditions. It
is likely, however, that the HRP that resides in both the glomer-
ular fraction (which is negligible as described in the Results) and
reabsorbed by the tubules is in a non-steady state condition,
accumulating in these regions with time. Therefore, in the calcu-
lation of the amount of HRP reabsorbed we have considered the
total quantities involved over the course of the whole perfusion
which includes a 10 minute equilibration period together with a 60
minute perfusion. The total amount of HRP filtered by the GCW
will be the total amount excreted as urine in the 70 minute period
together with the total amount in the vascular-flushed kidney. The
amount reabsorbed in the kidney can be calculated from the total
HRP in the vascular-flushed kidney minus the product of the ratio
of HRP to creatinine in the urine and the amount of creatinine in
the vascular-flushed kidney. The fractional clearance corrected
for tubular reabsorption is given by the ratio of the total amount
of HRP filtered in 70 minutes to the total amount of creatinine
filtered in 70 minutes over the ratio of HRP to creatinine in the
perfusate. In these calculations we assume that steady state holds
over the whole 70 minute period for transglomerular transport,
which is essentially validated in studies on fractional clearances
from samples collected at 0 to 40 minutes and 40 to 60 minutes of
perfusion (see below). We also assume that the vascular-flush of
the kidney is complete, otherwise the error will be reflected in
apparently higher tubular reabsorption values. The fact that we
get very similar reabsorption values to those reported by others
(see below) suggest that this type of error is small.
In vivo processing of [3H]HRP
Male Wistar Furth rats were injected with 0.5 mg of either
[3H]nHRP or [3H]aHRP in 0.8 ml of PBS in the tail vein and
maintained in a metabolic cage with free access to food and water.
Urine samples were collected at two hours and were analyzed on
a Sephadex G-100 column. This strain of rats was used for these
experiments since they have been shown to be resistant to mast
cell degranulation after injection of HRP [25].
Enzyme assay
The enzyme activity of the tracers was determined using
3,3'-diaminobenzidine tetrachloride (DAB) as a hydrogen donor
[261. A total of 2.90 ml of diaminobenzidine-gelatin solution (50
mg gelatin dissolved in 25 ml warm distilled water with 12 mg
DAB and 25 ml citric acid/Na2HPO4 buffer, pH 4.3 added) and 50
pA of HRP solution were mixed in a 3 ml cuvette and the reaction
started by the addition of 50 pA of H202 solution (1 ml H202 in 50
ml distilled water), The change in absorbance was recorded at 465
nm in a Pharmacia Ultrospec III spectrophotometer. A standard
curve from 0 to 250 ng HRP was used. Enzyme activity is
expressed in units where one unit of peroxidase catalyzes the
decomposition of 1 i.tmol H202 per minute at 25°C.
For determination of peroxidase activity in urine, perfusate and
kidney homogenate samples, 50 1.d of various dilutions of these
samples were added to 2.9 ml of 0.1 M sodium phosphate buffer,
pH 7.0 containing 12 mg DAB without gelatin. The reaction was
started by the addition of 50 pA of H202 solution and recorded at
460 nm.
Counting of radioactivity
Tritium radioactivity was determined in I ml aqueous samples
with 3 ml sciñtillant [27] and recorded on a WaIlac 1410 liquid
scintillation counter.
Calculations
All quantitative data are expressed as means standard
deviation and where N represents the number of determinations.
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Table 1. Characterization of tracer molecules
p1
Kay
on Sephadex
GJooa
Enzyme
activity
U/mI"
nHRP 7.5 0.231 13,233
aHRP <4.0 0.23 1 11,600
a K,,, = (Va — V0)/(V, — V0) where V is the elution volume
"The unlabeled preparation had an activity of 12,370 U/mI
Results
Characterization of tracer molecules
The p1 of the [3H]aHRP was less than 4, and 7.5 for the
[3H]nHRP (Table 1). The preparations were pure due to the
presence of only one band in the isoelectric focusing gels for each
tracer. Gel chromatography of the labeled preparations also
exhibited one peak corresponding to a Kay of 0.23 1 for both aHRP
and nHRP. It was evident that tritium labeling, together with
succinylation, had a negligible effect on the specific activity of the
enzyme.
Fractional clearances in the IPK
Table 2 presents the absolute fractional clearances for nHRP
and aHRP in Sprague-Dawley rats as determined by both tritium
counting and enzyme assay of urine and perfusate samples
collected between 0 to 40 minutes and 40 to 60 minutes of
perfusion. The fractional clearances calculated for either of these
time frames, for a particular assay, were identical demonstrating
that the filtration process had quickly reached steady state levels.
The fractional clearances determined by enzyme assay in the IPK
were also similar to those obtained by Rennke et al [2], who found
that for the Wistar Furth rat the fractional clearance for nHRP
was 0.055 0.005 and for aHRP was 0.006 0.000 when tubular
reabsorption was not taken into account. The fractional clearance
of the nHRP molecule as determined from radioactivity was not
significantly different from that determined by the enzyme assay.
However, the fractional clearance determined for aHRP by
radioactivity was significantly increased (P C 0.05, Student's t-test)
as compared to that determined by enzyme assay. Thus, it appears
that the aHRP molecule is altered in some way on its passage
through the GCW causing the differences in fractional clearances
found between both methods of determination. This hypothesis
was tested by examining the integrity of the labeled preparations
by gel chromatography.
Elution profiles of urine and perfusate samples from IPK
The elution profiles of HRP on Sephadex G-100 as detected by
the tritium label on the tracer molecules in both urine and
perfusate samples are shown in Figures 1 and 2. The tritium
labeled forms of both the nHRP and aHRP contained in the
perfusate appeared to be essentially unchanged during the course
of the perfusion as they elute as single peaks with the same Kay of
0.23 1 which is the same as the original HRP. The elution profiles
of nHRP material in the urine demonstrated a slight degradation
(14 4%) (Table 3), whereas there was a significant amount of
degradation (61 3%) of the urinary aHRP. In control ex-
periments there was no degradation of either [1H]aHRP or
[3H]nHRP when these molecules were mixed with urine from JFK
and maintained for 70 minutes under the conditions of the
perfusion (results not shown).
Elution profiles of in vivo urine samples
To eliminate the possibility that the JFK system contributed to
the degradation observed particularly for the aHRF molecule,
studies were performed in vivo. [3H]nHRF and [3H]aHRF were
injected directly into the tail vein of Wistar Furth rats and urine
was collected for a period of two hours and applied to a Sephadex
G-100 column. Elution profiles shown in Figure 3 are similar for
both nHRF and aHRF urine profiles obtained in the IFK Figures
lB and 2B, with nHRP slightly degraded and the aHRF degraded
to a significant extent (Table 3). These results confirm that the
preferential degradation of the urinary aHRF seen in IFK also is
evident from HRF filtered in vivo,
Tissue uptake of HRP
Tissue uptake of HRF at both the glomerular and whole kidney
level has been assessed by both radioactivity and enzyme assay as
shown in Table 4. Both types of measurement demonstrate that
glomerular uptake of either nHRF or aHRF is negligible in
relation to the quantities found in the whole kidney. Tubular
reabsorption is similar to values reported previously, as estimated
by enzyme assay, which have varied from 5 to 20% for nHRP [2,
4—7] and 10 to 38% for aHRF [2, 4—7]. Fractional clearances
corrected for tubular reabsorption (Table 4) are approximately
doubled as compared to the absolute values (Table 2).
Discussion
The isolated perfused rat kidney is known to exhibit normal size
and charge selectivity in relation to the fractional clearance of
dextran sulfate and dextran [13, 29]. The apparent charge selec-
tivity associated with the absolute fractional clearances of nHRF
and aHRF as determined by Rennke et al [2, 4—7] can also be
reproduced in the JFK when the protein is measured by enzyme
assay. However, the reliance on enzyme activity alone to measure
clearance, which assumes that the enzyme is not denatured during
filtration, clearly is at variance with measurements of the tritium
labeled form of the enzyme. Fractional clearance measurements
with [3H]HRP reveal that without any correction for tubular
uptake the clearance of aHRF is significantly higher than mea-
sured by enzyme assay. The clearance of nHRF as measured by
radioactivity or enzyme assay was not significantly different. These
results conform with the findings in both cx situ perfusion and in
vivo that aHRF is preferentially degraded during filtration as
determined by analyzing the gel chromatographic profiles of
[3H]HRP.
Frotein degradation would mainly reside in the tubules as there
is no degrading activity in either urine or perfusate. We also
assume that because of the small amounts of resident glomerular
HRF the net enzyme degrading activity in the glomerulus is low.
It is anticipated that endopeptidase action on the labeled protein
will yield a range of labeled peptides of different size, as evident
from the profiles seen in Figures 2B and 3B. We would expect that
most of the peptides resulting from endopeptidase action would
be detected through the presence of their tritium label and that
peptides without the tritium label would be insignificant. Tritium
labeling of HRF by reductive methylation [17] is specific for the
a-amino groups of the amino terminal residues and the e amino
groups of lysyl residues. HRP is a protein of 308 amino acid
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Table 2. Comparison of neutral and anionic horseradish peroxidase fractional clearances as determined by tritium detection and enzyme assay
Time
Fractional dcarance nHRP Fractional clearance aHRP
3H Enzyme 3H Enzyme
mm detection assay detection assay
40 0.055 0.014 (8) 0.041 0.010 (7) 0.023 0.005 (6) 0.007 0.003 (6)
60 0.058 0.019 (8) 0.041 0.007 (7) 0.021 0.004 (6) 0.006 0.002 (6)
E
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Fig. 2. Size-exclusion chromatography on Sephadex G-100 of [3H]aHRP in
perfusate and urine samples from isolated perfused kidneys. [3H]aHRP in (A)
perfusate (N = 4) and (B) urine (N = 4). Perfusate sampled after 60 mm
of perfusion while urine samples were collected between 40 and 60 mm.
Fraction volume was 1.86 ml.
residues of which there are 6 lysyl residues which are regularly
distributed in the primary structure at positions 65, 84, 149, 174,
232 and 241 [30].
In spite of the influence of tubular reabsorption on the frac-
tional clearance values charge selectivity is still maintained with
the fractional clearance of nHRP being approximately twice that
of aHRP as measured by radioactivity. This is consistent with
many other studies where the fractional clearance of neutral
proteins is only two to three times that of their negatively charged
counterparts. It implies that the influence of charge selectivity has
been overstated. Proteinuria arising either from neutralization of
charge on the kinetic transport probe or neutralization/removal of
Data are presented as means so for the number of experiments shown in parentheses.
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Fig. 1. Size-exclusion chromatography on Sephadex G-100 of [3HJnHRP in
perfusate and urine samples from isolated perfused kidneys. [3H]nHRP in
(A) perfusate (N = 3) and (B) urine (N 3). Perfusate was sampled after
60 mm of perfusion while urine samples were collected between 40 and 60
mm. Fraction volume was 1.86 ml.
0
2500
2000
1500
1000
500
E
E
Osicka and Comper: Charge selectivity for HRP 1635
IPK In vivo
nHRP 14±4(3) 21±3(3)
aHRP 61 3(4) 65 6(3)
0 20 40 60 80
Fraction no.
Fig. 3. Size-exclusion chromatography on Sephadex G-100 of [3HJHRP in
urine samples from rats. Urine samples were collected 2 hours after a bolus
injection of (A) [3H]nHRP (N = 3) and (B) [3H]aHRP (N = 3). Fraction
volume was 1.86 ml.
GCW anion charge would only result in an increase in urinary
protein by a factor of 2 to 3 on the basis of electrostatic
interactions alone between GCW anion charge and the negative
charge on the transport probe. In other words 'charge deselectiv-
ity' proteinuria would be negligible in comparison to other causes
of proteinuria. This is not to say, of course, that charge neutral-
ization or removal may not cause significant proteinuria, but it
would be by the indirect influence of charge, perhaps through
structural alterations of the GCW. Also, studies where there is
altered permselectivity of the GCW, a loss of charge selectivity
between nHRP and aHRP simply is not the result of the clearance
of the aHRP increasing to the control value of the nHRP [5].
Rather, with the loss of charge selectivity there is an approxi-
mately threefold increase in the clearance of nHRP and greater
than a thirtyfold increase in protein excretion [5].
In an earlier study by Rennke and Venkatachalam [31] it was
found that a dextran of equivalent hydrodynamic size to nHRP
had a much higher fractional clearance with a value of 0.483 as
compared to nHRP of 0.068. The apparent enhanced transport of
dextran compared to nHRP has been frequently discussed in the
literature to be due to the different conformations of the two
molecules. It is thought that the flexible, random coil nature of the
dextran would make it appear smaller to the pores of the GCW.
We suggest that considerable caution should accompany compar-
isons of this kind. The fractional clearance of dextran is extremely
sensitive to its molecular radii or the Ka.., from the gel chromato-
graphic column which has been precalibrated with molecules of
known radii. For example, studies in IPK [13] have demonstrated
that a 30 A dextran has a clearance of 0.4 whereas a 34 A dextran
has a clearance of 0.1. In the studies of Rennke et al [2] the size
of HRP was determined by comparing the elution volumes of the
protein on gel chromatography which had been calibrated with
two proteins of known molecular radii, namely albumin and
chymotrypsin. In their following studies [31] they compared the
dextran clearance with I-IRP clearance utilizing the same cali-
brated column technique so that the dextran radii were based on
the partition coefficients of certain proteins with the chromato-
graphic gel material [31]. The direct comparison of fractional
clearance is made on the basis of the Kay value of the HRP or the
corresponding dextran. In other words, the HRP and dextran have
been standardized in terms of their excluded volume partitioning,
which is determined by the effective configuration and hydrody-
namic volume of the molecule being partitioned, with the gel
chromatographic material. The marked difference in the frac-
tional clearance of HRP and dextran would demonstrate that
other unknown factors would have to be invoked to explain the
discrimination by the GCW to these molecules.
The Kay of 0.231 for HRP on Sephadex G-100 corresponds to
dextran radius of 32.8 A on the basis of the column being
calibrated with four narrow molecular weight dextran fractions
[3]. Importantly, the corresponding fractional clearance for dext-
ran is 0.15 [13], which is certainly comparable with the value of
0.099 0.043 obtained for the fractional clearance of nHRP as
determined by radioactivity (Table 4). This type of analysis
obviously decreases the apparent differences that were thought to
exist between globular particles like HRP and flexible random coil
chains, like dextran, in their transglomerular transport.
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Table 3. Percentage degradation of tracer HRP in urine samples on
Sephadex G-100
Data are presented as means sn for the number of experiments
shown in parentheses. Calculated from areas under Sephadex-G100
chromatograms in Figures 1 to 3.
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Table 4. Glomerular and whole kidney uptake of labeled neutral and anionic horseradish peroxidase
Radioactivity Enzyme assay
aHRP nHRP aHRP nHRP
Glomerular 6640 1160 7440 2160 0.0 0.0
amount dpm/kidneya
(N =5)
Vascular- 3.44 X 10 1.21 X iO 5.40 x iO 1.47 )< iO 8.79 x iO 2.92 x i0" 2.28 X iO 3.70 x iOn"
flushed
whole kidney
amount dpm
(N =3)
Perfusate 8.53 X iO 3.43 X iO 7.17 X iO 1.06 >< iO 4.05 >< iO 3.30 >< i0" 4.63 X io 1.06 X iO5l
concentration
dpm/ml(N = 7)
Urine 1.96 X 10 1.54 >< iO 6.23 X iO 3.19 X iO 1.99 x io 1.10 x 104b 2.81 X iO 1.34 >< 105b
concentration
dpm/ml
(N =7)
GFR mI/mm 0.587 0.224 0.524 0.261 0.587 0.224 0.524 0.261
(N =7)
UFR mI/mm 0.0775 0.0487 0.0474 0.0379 0.0775 0.0487 0.0474 0.0379
(N = 7)
Percent 20.2 15.9 41.4 15.2
reabsorbed
in kidneyc
Fractional 0.040 0.029 0.099 0.043 0.012 0.004 0.070 0.037
clearance
corrected for
tubular
reabsorption
Data are presented as means SD.
a Calculated assuming 40,000 glomeruli/kidney [28]
b Calculated as dpm from enzyme activity which has been converted using the specific activity of the enzyme
Calculated using the value of 0.0658 0.0286 mg of creatinine in the vascular-flushed whole kidney
Reprint requests to Dr. Wayne D. Comper, Biochemistry Department,
Monash University, Clayton, Victoria, Austrailia 3168.
Appendix. Abbreviations
Z, valence; aHRP, anionic horseradish peroxidase; nHRP, neutral
horseradish peroxidase; IPK, isolated perfused kidney; TEMED,
N,N,N',N'-tetramethylethylenediamine; PBS, phosphate buffered saline;
V0 void volume; V total volume; DAB, 3,3'-diaminobenzidine tetrachlo-
ride; GCW, glomerular capillary wall GFR, glomerular filtration rate;
UFR, urine flow rate.
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